Analyses were made for selenium in waters and other materials of the Kesterson National Wildlife Refuge. Analyses were also made of source agricultural drainage waters from the San Luis Drain discharged into the refuge, and surrounding irrigation supply and return waters. Selenium concentrations range from 140 to 1,400 micrograms per liter (ug/L) in irrigation drain waters supplied to the San Luis Drain. The selenium supplied to the Kesterson National Wildlife Refuge is to a small extent precipitated in sodium sulfate (thenardite) but a higher concentration was found in an algal mat.
Most other waters of the area contain less than detectable (<2 ug/L) concentrations of selenium.
-2 Oxidation of organic matter and reduction of selenate (SeO4 ) to selenite -2 (SeO3 ) were found to be necessary for a quantitative analysis of total Predictions about the mobility of Se are given by Lakin in a chapter in "Selenium in Agriculture" (1961) . He stated that in regions of low rainfall -2 and alkaline soils, part of the Se would occur as selenate (SeO^ ).
-2 As SeO4 , it would be available to vegetation and readily transported in ground water. In contrast, are regions of acid environment where Se would tend to occur in ferric hydroxide precipitates as basic ferric selenite This form is more stationary and presumably of low availability to plants. The areas supplying water to the San Luis Drain have low rainfall, approximately 10 inches annually, (National Oceanic and Atmospheric Administration, 1981) .
Because of the potential hazards of mutagens in water, the U.S.G.S. initiated a study of the waters in and tributary to the Kesterson National Wildlife Refuge. Other water supplies in the area were studied to provide a basis for comparison with the Kesterson water supply. The study included but was not limited to analyses for Se.
The chemistry of Se is complex, especially in natural systems where a range of oxidation states may be expected and a variety of biochemical effects may be anticipated. Further complications were expected in analytical procedures because large variations in concentrations of solutes lead to complex matrix effects. A broad analytical experience with wide ranges of inorganic solutes in water facilitated this study (Presser and Barnes, 1974) . After use the stainless steel filter holder was rinsed three times with distilled water. The first filtrate of the next sample was discarded and subsequent filtrate was used to rinse sample bottles and caps three times before filling with aliquots for the determinations.
Glass bottles with polyethylene inserts in the caps were used as containers for water samples for isotope analyses.
Conventional polyethylene bottles were used as containers for filtered samples for Se determination. One aliquot was acidified with nitric acid (Fa-HNO3 ) and one with hydrochloric acid (Fa-HCI), both to a pH less than 2.5 as measured with pH paper. Amounts of acids added to each sample were recorded. Shendrikar and West (1975) 
LABORATORY METHODS

Waters
Sodium was determined by atomic absorption spectrophotometry using a filtered, acidified (Fa-HCI) sample. Deuterium and hydrogen (D/H) were released from water samples for isotope analysis by reaction with uranium. Because prior knowledge of Se speciation was not available, precautions were taken to determine the total of whatever forms of Se were preserved in -2 -2 the sample aliquots, selenate (Se04 ), selenite (Se03 ) and/or elemental selenium (Se°). Further differentiation had to be made as to whether the Se was combined with organic compounds since rather high organic carbon concentrations were suspected and found in the drain and ponds (20 to 60 mg/L C). Organic selenides (Se~2 ) are volatile (Chan, 1975; Cutter, 1978 and 1982) and in general selenides were not preserved or looked for in these oxic waters. The analysis scheme is detailed in Figure 4 .
In order to break down organo metal compounds the traditional oxidative digestion was applied to the waters as a first step in the determination of total Se. A digest applied specifically to Se using acid and potassium persulfate (K2 S20g ) is described by Goulden and Brooksbank (1974) as a manual step before introduction of the sample into an automated procedure. ^2^2^S was also added as a further step in digestion for the analysis of mercury in organic mercurials, improving the recovery in waste waters to 100% (U.S.
Environmental Protection Agency, 1971).
To twenty-five mi I I i I i ters (ml) of the acidified sample, 1 ml of 5% wt/v Use of brand names in this report is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey. Analysis of a selenite standard by hydride generation after this first -2 step showed no Se present indicating it was all oxidized to SeO^ . Selenite was chosen as a standard to check on any loss of selenite originally present -2 -2 in the samples and to check the completeness of SeO^ to SeO^ oxidation.
The inorganic selenium thus yielded by oxidation of organo selenium compounds, and the inorganic selenium originally present, now both as selenate (+6), are reduced to selenite (+4) before further reduction and analysis as selenium hydride (Cutter, 1978) . As Cutter states in "Species Determination of Selenium in Natural Waters", the inorganic forms of Se (+4 and +6) can be selectively reduced to hydride and analyzed spectrometrically. First, by his method for a total inorganic selenium concentration the sample was made 4M in -2 -2 HCI and boiled vigorously for 4-5 minutes to reduce SeO4 to SeO3 . The resultant solution was analyzed for Se by hydride generation. In a later publication (Cutter, 1983) , boiling time was increased to between 12 and 30 minutes. A selenite value is found by taking a second aliquot of sample, stripping the volatile selenides from the solution with helium gas, and again -2 analyzing the solution for Se by hydride generation. The amount of SeO^ is then calculated by difference: i.e. selenate = total Se -selenite. From the work of Cutter (1978) in which he presents a response curve of selenite and selenate to boiling in 4M HCI, an insight is given into the problem of not going far enough on the boiling curve to reduce all the selenate to selenite or of going too far and losing the selenite through plating out or agglomerating of elemental selenium. As with the oxidation step, optimum reducing conditions were found to yield maximum quantities of selenium. _2 Incomplete reduction to SeOg or reduction to elemental selenium (Se°) both yield erroneously low amounts of selenium (Cutter, 1978 and Walker, 1976) .
Because the matrixes of these samples are not identical to those found by other workers, the optimization of reduction was conducted on actual samples from this study. In response to the many conditions imposed by Se chemistry, acid concentrations and length of time between and after the two pretreatment steps were always kept at a minimum.
-2 The optimum reduction to SeO 3 was found to occur with the addition of 8.25 ml of concentrated HCI and boiling for 46 minutes. From digested aliquots of the same sample (Table 3, A stronger reducing agent than HCI could have been used in the prereduction step. Substances that have been used include tin (Sn) (U.S.G.S., 1982) and aluminum (At) (Goulden and Brooksbank, 1974) . Problems occur with precipitation of elemental Sn or At and the formation of SnK^ when Se is further reduced to the hydride unless the solution is kept above 90°C. This is done as described by the above authors, using a block digestor and continuous, automated systems. Ten mi IN liters of the pre-digested and pre-reduced aqueous sample was pipetted into the generator and made 3M in HCI. The system was put on automatic operation and purged with argon. The reducing agent, 0.3% NaBH^, stabilized with 1% NaOH, is included in the closed system. It is pumped into the generator at a specified rate (#2) and the sample is stirred with a magnetic stirrer. This NaBH^-acid reduction system has replaced the older metal-acid (e.g. Zn-SnCI 2-KI) reduction system. Nakahara (1983) compares the two methods and lists among the advantages: applicability to other elements, yield increase, reaction time decrease, and blank-contamination reduction. Although one advantage of the gas generation method is removal of Se from ions present in aqueous solution, physical interferences may be present associated with the reduction or forming of the gas and the removal of the gas from the liquid (Cutter, 1978) . These effects would vary with changes in acidity, salinity, oxidizing agents present (e.g. HNO^), pre-reductants used and other hydrides formed. An interference study for the hydride generation method was made by Pierce and Brown (1977) . No significant interferences were reported from the inorganic elements normally found in waters. In further studies by the authors specifically associated with the pond and drain waters which were high in SO^ and Na, no interference was found from 10,000 mg/L SO^, 10,000 mg/L Na, 10 ug/L As, 10% HCI, 10% HNO3 , and a digestion blank.
Spectral interferences in the UV region were investigated by analyzing different dilutions of the pond and inflow waters. No aberrations were found: i.e. different dilutions yielded similar values.
Each sample was digested, reduced and analyzed on the same day.
Differences in results of duplicate analyses of Fa-HCI and Fa-HNO^ samples ranged from 0% to 12% with an average of 6%. For samples with the highest concentrations of Se, the second analysis included a dilution of the sample which decreased the Se to be digested to less than 500 ug/L, the highest concentration of Se standard tested through the entire procedure. Recovery of Se added to pond samples averaged 98%. Background samples of the various canals and secondary drains were digested, reduced and analyzed only once.
These are distinguished by levels of Se <10 ug/L.
Solids
Minerals encountered in this study (thenardite and gypsum) were identified by both index of refraction measurements and x-ray diffraction using copper Kct radiation.
RESULTS
The results of the analyses of water samples for Se, Na, SO4 , D/H and 180/160 are g | ven | n Table 2 The results of analyses for Se in other irrigation supply and return (Table 2) show a normal evaporation trend. An analysis of the thenardite (is^SC^) precipitated from pond 11 showed the salt contains 1.8 parts per million (ppm) Se, dry weight.
That is a ratio of Se/Na of 3.75 X 10~6 . The water in the pond where thenardite was found contains 14 ug/L Se and 6,250 mg/L Na, a ratio of 2.2 X 10" . Obviously the Se is only partly lost to thenardite; the crystallization of thenardite results in an increase in the Se/Na in the remaining water and thus is inadequate to account for the Se decrease between pond 2 and 11.
Microscopic examination revealed that the thenardite contained small amounts of algae.
The thenardite crust rested upon a mat of the filamentous algae for 10 laboratories using the hydride procedure and 17 laboratories using a f tameless atomic absorption procedure was 2.9^0.5 ug/L Se at the 95% confidence interval.
SUMMARY AND CONCLUSIONS
Selenium determinations by three laboratories using three methods yield comparable results for water samples. Two laboratories also performed Se -2 determinations without oxidizing organic matter and without reducing SeO* to -2 SeOj before determining the Se. The results show that a preliminary -2 oxidation of organic matter which converts all Se present to SeO^ , followed -2 -2 by a reduction step to convert the Se04 to Se03 , is needed to yield consistently accurate results for total Se in water samples.
The results of analyses given in this report for Se in water show that all actively flowing agricultural drain waters entering the San Luis Drain that were sampled have at least 140 ug/L Se and as high as 1 } 400 ug/L Se. The results also show that Se can enter the food chain by uptake by algae.
Based on the various uses of water, several maximum-concentration criteria and standards have been established for Se. Although these criteria and standards do not apply to waters of the San Luis Drain service area, they provide useful perspective about the hazard associated with above-normal concentrations of Se. Further perspective is provided by studies of dietary requirement, average intake, and levels at which toxicity is evidenced. The units used for dosage are parts per billion (ppb), micrograms (ug) and kilograms (kg). Se is an essential dietary requirement for many animals; the requirement is estimated to be 40-100 ug Se/kg of food (40-100 ppb) (Schwarz, 1960; Nesheim and Scott, 1961; Oldfield, Schubert and Muth, 1963) . No such requirement for humans has been established. The average daily dietary intake by the American population is 200 ug Se/day (Morris and Levander, 1970; U.S. Environmental Protection Agency, 1977) . Smith and Westfall (1937) reported symptoms of chronic toxicity at 10 to 100 ug Se/kg/day, which for a 70 kg man would amount to a daily intake of 700 to 7000 ug/day. The U.S. Environmental Protection Agency (1977) set the public drinking water maximum contaminant limit at 10 ug/L Se, based on the assumption that 2L of water per day would be consumed and that water should provide no more than a 10% increase in the average daily intake of Se. They further state that the basal 200 ug/day intake plus the 20 ug/day from water "results in a minimum safety factor of 3, 
